Introduction
Compounds with homo-and heteronuclear multiple bonds of carbon play a pivotal role in virtually all areas of chemistry as versatile precursors and functional products. The tolerance of these unsaturated moieties for functional groups [1, 2] is the key to the feasibility of elaborate synthetic protocols. Despite many attempts dating back more than one hundred years, [3, 4] it took until 1976 before Lappert et al. isolated the first heavier analogues of alkenes, digermene 1 and distannene 2 (Chart 1).
[5] The series was completed by the synthesis of stable disilene 3 [6] by West, Michl and Fink in 1981 and diplumbene 4 [7] by . Reports on the first homonuclear heavier triple bonds are even more recent.[8a-e] The quest for additional "heavier functional groups" [9] with multiple bond character goes on. Unsaturated systems of carbons's heavier homologues generally require kinetic protection by sterically demanding substituents (aryl, alkyl or silyl) to suppress the thermodynamically favoured formation of saturated dimers or oligomers. Such substituents, however, offer little functionality and therefore the study of these derivatives is essentially limited to the reactivity (and thus usually consumption) of the heavier multiple bonds themselves, which indeed has been a major focus during the first 25 years or so after the first disclosure of stable derivatives. Since the turn of the millennium, however, numerous Group 14 compounds with heavier double bonds and residual functionality have been reported, which exhibit at least the principal possibility of being manipulated while maintaining the integrity of the unsaturated moiety. It should be noted that hydrogen atoms bonded to heavier Group 14 elements are considered as a functional group in view of their hydridic aspect and corresponding high reactivity. This review is a first attempt to provide a comprehensive account of the developments described above. The heavier alkenes in question can be categorised into derivatives with (A) vinylic functionality (E=E-X, E = group 14 element, X = atom or functional group), (B) allylic functionality (E=E-E-X,) and (C) a functional group in a remote position. The vinylic functionality is by far the most prevalent, which is likely due to the geometric impossibility of rearrangement to a saturated cyclic isomer. The large number of functionalized heavier aromatics is outside the scope of this review. The interested reader is referred instead to the excellent and comprehensive overviews by 
Vinylic functionalities
Many heavier alkenes of Group 14 with functional groups in vinylic position have been reported. The elements directly bonded to the heavier double bond are predominantly from the s-and p-block, but a few η 1 -transition metal complexes are also known. While most of these compounds have not been applied in synthesis as yet (and are therefore primarily of fundamental interest at this stage), especially vinylic halides and hydrides as well as metallated derivatives have found widespread application in the synthesis of unsaturated Group 14 compounds.
E=E-H, hydrido functionalities
The addition of E-H (E = Group 14 element) bonds to unsaturated substrates (hydrosilylation, hydrogermylation, hydrostannylation and hydroplumbylation) are established synthetic methods with many applications on the laboratory scale and in case of hydrosilylation also with examples in industrial processes. [11] Therefore, a high potential of hydrido functionalities for the introduction of heavier Group 14 multiple bonds to various substrates can be anticipated. The isolation of the parent heavier group 14 ethylene analogues H 2 E=EH 2 (E = Si, Ge, Sn, Pb) under ambient conditions is precluded by their high reactivity due to the absence of any kinetically or thermodynamically stabilising substituent. Nevertheless, they can be characterised in ultracold matrices and detected by laser flash photolytic experiments.
[12] The high polarisability of the E=E bond, however, renders these molecules predisposed for coordination by Lewis acids and Lewis bases. Although the multiple bond character of the resulting species is limited, the concept of donor-acceptor stabilisation allowed for the isolation of one homonuclear 5 [13] and two heteronuclear derivatives 6a,b (Chart 2). [14] Chart 2. Donor-acceptor stabilised parent ditetrelenes 5 and 6a,b; 6a: E = Ge, 6b: E = Sn, Dip = 2,6-i Pr2C6H3.
Several isolable hydrido disilenes [15] are obtained by the addition of E-H bonds to Sekiguchi's disilyne 7.
[9a] Hydroamination of disilyne 7 with one primary and three secondary amines gave access to 1-amino-2-hydrido disilenes 8a-d that exhibit a significant contribution of a zwitterionic resonance structure and thus considerable allylic delocalisation (Scheme 1). [16, 17] In contrast to the fast addition of two equivalents of simple alcohols to disilyne 7, [18] addition of a second equivalent of amine is only possible in the case of sterically least hindered 8d. Hydroboration of 7 with 9-BBN or catecholborane yields 1-boryl-2-hydrido disilenes 9a,b, respectively. [16, 19] Interestingly, the B-Si bond in 8a-d appears to be more labile than the Si=Si moiety. As proven by deuterium labelling studies, methanolysis of disilene 9a proceeds via initial substitution of the boryl substituent and the proposed intermediate 10. The ability of disilyne 7 to activate C−H bonds allowed for the isolation of donor-stabilised silylene 11 by addition of a C−H bond of DMAP (4-dimethylaminopyridine) to one silicon centre of 7. Rearrangement of 11 at ambient temperature gave access to ylidic hydrido disilene 12 (Scheme 2). [20] Scheme 2. Reaction of disilyne 7 with DMAP to yield donor-stabilised silylene 11 and formation of hydrido disilene 12; a: + DMAP (DMAP = 4-(Me2N)C5NH4; Dsi = (Me3Si)2CH.
The first and to the best of our knowledge so far sole examples of stable 1,2-dihydro disilenes 14a,b were reported in 2012. [21] Treatment of dibromosilanes 13a,b with lithium/naphthalene gave access to the corresponding disilenes in moderate to good yield (Scheme 3). Silylsilylenes 15a,b were suggested as intermediates in the thermal isomerisation of 14a,b in solution to yield C-H insertion products 16a,b.
Another example of a hydrido disilene, 1-lithio-2-hydrido disilene 47b, is generated by formal addition of LiH to disilyne 7, but will be discussed in the subsequent section due to the presence of the more reactive lithio functionality (see Scheme 14) . [22] In neither of these cases any reaction of the Si-H bond of hydrido disilenes under preservation of the Si=Si moiety has been reported as yet. In case of germanium, the readily available Ge(II) monohalides provide an alternative access to hydrido digermenes. 2 prompted the authors to develop a protecting group strategy utilising the relative ease and selectivity of the reductive Si-aryl bond cleavage. [41] The coupling of disilenide 36a with TMOP-I (TMOP = 2,4,6-trimethoxybenzene) to yield 39 and the subsequent (re-)generation of either the initial disilenide 36a or its potassium derivative 36b by reduction with lithium or potassium, respectively, holds a great synthetic potential. Disilyne 7[9a] was utilised for the preparation of two different disilenides, 47a,b. Methyllithium adds across the triple bond of 7 in thf solution at low temperature to yield methyldisilenide 47a, which was characterised by nmr spectroscopy. [46] In the reaction of 7 with tert-butyllithium the hydrido disilenide 47b is obtained. [22] In this case, however, the reaction proceeds via a single electron transfer to the triple bond followed by hydrogen radical abstraction to give the formal lithium hydride addition product 47b (Scheme 14). Only two vinylic alkaline earth metal disilenes have been reported yet. Disilenylmagnesium bromide 48 is accessible from lithio disilenide 36a(dme) 2 and magnesium bromide by transmetallation (Scheme 15). [47] The highly functional α,ω-dianionic trisilandiide 50(thf) 2 was obtained from the reaction of (dichlorosilyl)disilene 49 and activated magnesium. [48] The reaction of dianion 50 with Me 2 SnCl 2 under retention of the double bond will be described in one of the following sections. Trisilacyclopentadienide 55 is not only an interesting aromatic silicon compound due to its cyclic six π-electron system, it also converts to the unique cyclic β-alkenyl functionalised disilenide 56 upon addition of 12-crown-4 via migration of one silyl substituent (Scheme 17). [51] Scheme 17. Rearrangement of trisilacyclopentadienide 55 to cyclic disilenide 56; a: + 12-crown-4; R = t Bu2MeSi.
Known disilenides are excellent nucleophiles and have been utilised for the synthesis of various novel disilenes and other compounds featuring one or more Si=Si moieties. Since most of these products exhibit functionalities of their own they will be discussed in the following sections.
E=E-Tr, triel functionalities (Tr = group 13 element)
Boryl substituted disilenes are to date the only examples disilenes with Group 13-based functional groups in vinylic position. No reactivity of boryldisilenes has been reported yet except for the methanolysis of compound 9a proceeding via the proposed intermediate, dihydrido disilene 10 (see Scheme 1).
E=E-Tt, tetrel functionalities (Tt = group 14 element)
The large number of carbon and silicon based substituents that primarily serve as bulky groups for steric protection of heavier Group 14 multiple bonds will not be discussed here, even though, any aryl or silyl substituent could in principle function as a leaving group under appropriate conditions (see: metallo functionalised E=E bonds). Alkenyl substituted heavier Group 14 multiple bonds have so far only be isolated as part of cyclic systems. Disilenide 56 (Scheme 17) exhibits an endocyclic C=C double bond in addition to the negatively charged silicon atom. Neutral trisilacyclopentadiene 59 was obtained from trisilabicyclobutane 58 and 3-hexyne at elevated temperatures (Scheme 19) and was utilised as the precursor for cyclic anion 55 (see Scheme 17) . [51] Scheme 19. Synthesis of germadisilacyclopropene 60a and its rearrangement under photolytic conditions to 60b, ring expansion of 58, 60a,b with alkynes to yield heterocyclopentadienes 59, 61a,b; a: + 3-hexyne, b: Na, toluene, c: + phenylacetylene; R = t Bu2MeSi.
Ring expansion of germadisilacyclopropenes 60a,b [53] with phenylacetylene afforded the closely related germadisilacyclopentadienes 61a,b (Scheme 19).
[54] The heteronuclear heavier cyclopropenes 60a,b are only the first of several examples of this substance class that have the ability to successfully deliver an E=E moiety to a substrate. Acyclic alkenyldisilenes 62a-e and acyldisilenes 64a-c were suggested as intermediates in the formation of cyclic silenes 63a-e [55] and 65a-c, [56] respectively (Scheme 20), during the reaction of disilenides 36a and 44a with bromoalkenes and acyl chlorides. Spectroscopic detection of acyldisilenes 64a-c was unsuccessful even at low temperatures.
Scheme 20. Reaction of disilenides 36a, 44a with bromoethanes to yield cyclic silenes 63a-e via proposed alkenyldisilenes 62a-e and reaction with acyl chlorides to yield oxadisiletanes 65a-c via proposed acyldisilenes 64a-c; 36a, 62a,b, 63a,b, 64a,b, 65a,b: R = Tip = 2,4,6-i Pr2C6H2, 44a, 62c-e, 63c-e, 64c, 65c: R = t Bu2MeSi, 62a, 63a, 62d, 63d: R' = Ph, 62b, 63b, 62e, 63e: R' = SiMe3, 62c, 63c:
Acyldisilenes were also proposed as intermediates during the reaction of disilenide 36a with α,β-unsaturated acyl chlorides resulting in the formation of 1,2-disilabicyclo[1, Disilabenzenes 69a-e and 1,2-digermabenzene 69f formally featuring a 1,3-dienyl functionality were prepared by reaction of isolable disilynes 7 and 67 and digermyne 68 with two equivalents of the corresponding alkynes.
[59] Structural parameters, however, suggest the presence of delocalised π-systems. The Si-Si bond length is between those of typical single and double bonds. So far only one reaction of 1,2-disilabenzenes 69a-e under cleavage of the Si-Si bond has been reported. Even though alkynyl derivatives of heavier double bonds of silicon, germanium and tin are experimentally known, no reactivity of any of these has been reported yet.
[60] E-1,2-bis(alkynyl)disilenes 71a,b are accessible from the corresponding dichloro and dibromosilanes 70a-c by reduction with lithium/naphthalene (Scheme 21).
Please do not adjust margins
Please do not adjust margins The pentamethylcyclopentadienyl (Cp*) substituent represents one of the few Group 14 based vinylic functionalities that has been used for derivatisation of a disilene under preservation of the multiple bond. Reaction of cyclotrisilene 77 with disilenide 36a affords a mixture containing siliconoid 79 which forms via the proposed Cp* substitution product, tetrasilabutadiene 78 (Scheme 22). The second product of this reaction is the dismutational hexasilabenzene isomer 81 accompanied by half an equivalent of tetrasilabutadiene 37 (Scheme 9), an oxidation product of disilenide 36a. The interesting spiropentasiladiene 86 was obtained as a byproduct during the synthesis of a cyclotrisilene. [68] Attempted 1,2-addition to tetrasilabutadienes usually yielded the corresponding 1,4-addition products (See Section 3.). Good evidence was provided, though, that the addition of water to tetrasilabutadiene 37 yields 1,2-addition product 87 in the first step which cyclises to afford oxatetrasilolane 88 unless a second equivalent of water is available to add to the remaining Si=Si double bond (Scheme 24). [69] Scheme 24. Spiropentasiladiene 86 and 1,2-addition of water to tetrasilabutadiene 37 to yield disilene 87 and cyclization of 87 to afford oxatetrasilolane 88; a: + H2O; R = t Bu2MeSi, Tip = 2,4,6-i Pr3C6H2.
A tetrasilacyclobutadiene with a bis(ylidic) electronic structure has also been described but no reactivity has been reported yet. [70] The to date only tetragermabutadiene 89 was obtained by a synthetic route analogous to that employed for The unusual disilene 97 with two π-acceptor substituents was synthesised from disilyne 7 and two equivalents alkylisonitriles. The initially formed and spectroscopically characterised isocyanide adducts 96a,b transformed to 97 upon warming to ambient temperature by a radical mechanism (Scheme 29). [76] No reactivity of compounds 93, 95 or 97 under retention of the double bond has been reported yet. 
E=E-Pn, pnictogen functionalities (Pn = group 15 element)
A relatively small number of amino substituted heavier group 14 multiple bonds has been reported to date. Scheme 32. Formation of disilene 105a and digermene E/Z-105b by E-N insertion of silylene 103a into 103a,b followed by dimerisation; R = t Bu, 103-105a: E = Si, 103b-105b: E = Ge.
Further 
E=E-X, halogen functionalities (X = group 17 element)
Chlorosilanes are probably the most common functional silicon compounds and they play key roles in industrial processes and laboratory scale syntheses. Halosilanes are in general very strong electrophiles and the Si-X group can be converted to many other functional groups by simple protocols. Even though organogermanium, -tin and -lead compounds are far less common if compared to their lighter homolog, the corresponding halo functionalised derivatives are still key products and intermediates of high importance. As in the case of H-substituted E(II) compounds (E = Si -Sn, vide supra) the tendency to form X 2 -bridged dimers increases with increasing atomic number. To date all structurally characterised compounds (RSiX) 2 (X = Cl, Br, I) exhibit Si=Si multiple bonds while all compounds (RSnX) 2 and (RPbX) 2 form X 2 -bridged dimers. In the case of (RGeX) 2 The corresponding tin compounds (RSnCl) 2 are Cl-bridged dimers in the solid state. [91, 92] Dichlorodigermene 119b, which was also isolated as a monomer RGeCl in the solid state, has been converted successfully to digermyne 120. [ 
25]
Monoalkylation of 119b yields compounds 121a,b while reaction with phenyllithium and dialkylation resulted in the formation of the corresponding germylenes RR'Ge. [92] Scheme 39. Synthesis of disilyne 123 from disilenes 122a,b; a, b: M/C10H8.
Sterically demanding silyl groups were utilised for the kinetic stabilisation of 1,2-dichlorodisilene 122a and 1,2-dibromodisilene 122b, which were the precursors for the first isolated disilyne 123. The Eind and EMind groups are another example for sterically very demanding substituents that are able to stabilise 1,2-dibromodisilenes and the corresponding silylenes, which are in Please do not adjust margins Please do not adjust margins equilibrium in solution. Partial dehalogenation of tribromosilanes 129a,b gave access to 1,2-dibromodisilenes 130a,b, which were shown to be in equilibrium with silylenes 131a,b in solution. This equilibrium is the reason for the formation of unsymmetrical disilene 130c in a C 6 D 6 solution containing initially equimolar amounts of 130a and 130b (Scheme 41). [96] Dibromodisilene 130a has been converted to triaryldisilene 132 with phenylmagnesium bromide in the presence of 4-pyrrolidinopyridine (Ppy) and to tetraaryldisilene 133 with excess phenyllithium. The very bulky aryl and silyl substituents that have been used to stabilise chloro and bromo substituted disilenes and digermenes were certainly chosen in view of their ultimate synthetic targets, stable digermynes and disilynes. The relatively small Tip-substituents turned out to be bulky enough to kinetically protect iododisilene 111 sufficiently for further derivatisation (Scheme 35, Scheme 41). [86] Iododisilene 111 was obtained by oxidation of disilenide 36a(dme) 2 with iodine and successfully employed as an electrophile for the synthesis of phosphinedisilene 110a. Donor-coordinated disilavinylidene 164 also exhibits a vinylic halogen functionality (see Scheme 48) . 
E=E-TM,

E=E← ← ← ←D, donor-coordinated multiply bonded systems (D = NHC)
Within the last few years donor-stabilisation of heavier group 14 multiply bonded system and many other substance classes utilising N-heterocyclic carbenes (NHCs) has developed rapidly and allowed for the isolation of various new compounds that were inaccessible before. The attempted synthesis of disilavinylidene 159 from NHCSiBr 4 157 and disilenide 36a(dme) 2 gave access to NHCcoordinated trisilacyclopropylidene 160 and tribromodisilane 161 instead (Scheme 47).
[111] It can be reasonably assumed that the formation of 160 proceeds via disilenylsilylene 158 and disilavinylidene 159 in analogy to the synthesis of silagermylidene 155 (Scheme 46), even though no spectroscopic evidence for 158 or 159 was provided.
Scheme 47. Reaction of NHC-SiBr4 157 with disilenide 36a to yield trisilacyclopropylidene 160 and tribromodisilane 161 via proposed intermediates disilenylsilylene 158 and NHC-coordinated disilavinylidene 159; Tip = 2,4,6-i Pr3C6H2.
The isolable disilavinylidene, 164, was obtained on two different routes starting from NHC-SiBr 2 162. An NHCcomplexed silylsilylene 163 can be synthesised from 162 and half an equivalent 1,2-dibromodisilene 124b (Scheme 40). Alternatively, compound 163 was also isolated from the reaction of 162 with half an equivalent Tbb-Li. Disilavinylidene 164 was obtained in the final step by reaction of 163 with two equivalents potassium graphite (Scheme 48 
Allylic functionalities
A decent number of functionalised allylic heavier group 14 multiple bonds have been reported to date. In contrast to the rapidly developing documentation on reactivity of heavier vinylic functionalities, however, the chemical behaviour of functional groups in allylic position for heavier Group 14 elements remains largely unexplored. The constraint imposed by the high reactivity of heavier multiple bonds, limit the range of feasible functional groups even more severely than in the case of vinylic functional groups. In addition to intermolecular degradation pathways, intermolecular cyclisation has to be considered. Due to the comparatively small number of examples we will not organise this section according to the periodic table, but summarise the most comprehensively explored compound classes first, the allyl halides which are conceivable precursors for allyl anions.
allyl anions
Vinylically halogen-functionalised compounds of the general structure R 2 E=E(R)-E(X)R 2 (E = group 14 element, X = halogen) were anticipated as ideal precursors for the synthesis of heavier allylic anions. Even though a number of cyclic and acyclic examples of such compounds have been described, none of them, however, could be converted to allyl anions yet. Instead, other interesting monoanions and dianions were obtained (vide infra). The first heavier allyl anion was obtained via a different route from trisilacyclopropene 92a. In a first step methyl anion abstraction from 92a followed by cyclisation gave access to trisilaallyl cation 167a[B(C 6 So far no other heavier allyl anions with a skeleton of three heavier group 14 elements have been reported. The versatile disilenide 44a has been utilised for the synthesis of two different disilaallyl anions with more or less electronic delocalisation over the two silicon atoms and one carbon atom. Reaction of 44a with 2-adamantanone yields contact ion pair 170. Based on UV/Vis, NMR and X-ray data it is best described as a silyl anion substituted silene (Scheme 51).
[116] A related reaction of disilenide 44a with a sterically encumbered aldehyde allowed for the isolation of allyl anion 171 which exhibits a much more delocalised electronic structure in a non-polar environment.
[117] An interconversion between η 3 -type (171) and η 1 -type (172) coordination of the lithium counter cation was achieved simply by addition and removal of thf.
A series a homo-and heteronuclear heavier allenes of silicon and germanium were obtained starting from stable silylene 176a and germylene 176b. In case of allenes 178a-c the corresponding E−X inserƟon products 177a-c were synthesised first and then treated with potassium graphite to yield the final products. Reaction of silylene 176a with potassium graphite in the presence of approximately half an equivalent of GeCl 2 (dioxane) allowed for the isolation of heavier allene 178d (Scheme 53).
[120] Trigermaallene 178b was also synthesised following the second route with yields comparable to the first. 
E=E-E-X, halogen functionalities (X = group 17 element)
Acyclic disilenes with halogen functionalities in allyl position have been synthesised from two different precursors. Tetrasilabutadiene 37 was utilised for the preparation of chlorosilyl-and bromosilyldisilenes 187a,b (Scheme 56).
[123] 1,4-addition of hydrogen chloride which was not used directly but transferred from excess trichlorosilane in the reaction mixture yielded chlorosilyldisilene 187a. Reaction of tetrasilabutadiene 37 with excess hydrogen bromide gave access to bromosilyldisilene 187b.
The conversion of allyl dichloride 49 to α,ω-dianionic trisilandiide 50 has already been discussed in a previous section. In order to decrease the tendency of allyl chlorides like 188a-c to cyclise by increasing the steric bulk around the Si 3 -backbone the homoleptic derivative 188d was synthesised. Interestingly, 188d could not be obtained directly from disilenide 36a(dme) 2 [84, 134] No reactivity of these compounds has been reported yet.
Chart 11. 1,2-disilacyclohexa-1,3-diene 209, disilene 105a and digermenes E/Z105b; R' = ( t Bu3Si)2MeSi, R = t Bu.
Remote functionalities
Compounds with heavier Group 14 multiple bonds that feature a functional atom or group two or more atoms away will be summarised in this section. Aside from the [2+2] cycloaddition product 106 of digermyne 24b and 1,5-cyclooctadiene (Scheme 33), all examples are derived from disilenide 36a(dme) 2 This capability was employed for the synthesis of para-and meta-phenylene bridged bis(disilene) 74a,b from disilenide 36a(dme) 2 and 1,4-diiodoand 1,3-diiodobenzene, respectively. UV/Vis investigations of compounds 74a,b revealed that the Si=Si double bonds of 74a are conjugated while those of 74b are not. [62, 135] The successful straightforward synthesis of para-substituted phenyldisilenes 211b-f from disilenide 36a(dme) 2 and the corresponding paraiodobenzene (211e: p-bromo(trimethylsilyl)benzene) sheds some light on the functional group tolerance and selectivity of 36a(dme) 2 towards halogenated benzenes. As an interesting proof of concept (para-bromophenyl)disilene 211f was converted to para-lithio derivative 211g at low temperature and reacted with trimethylsilyl chloride to yield disilenes 211e / 211a in a ratio of 8:2 to 9:1 according to NMR spectroscopy (Scheme 66). 
Conclusions and Outlook
In the past ten to fifteen years, the number of stable doublybonded compounds of Group 14 has substantially increased. These developments are mainly due to the emergence of functionalized derivatives such as disilenides on the one hand and multiply unsaturated species such as alkyne, allene and butadiene analogues on the other hand. In many of these species residual functionality is retained for further manipulation. The relatively recent development of NHCstabilized derivatives, e.g. Si 2 , Ge 2 as well as heavier vinylidenes provides a novel route to stable compounds with heavier multiple bonds and peripheral functional groups. Notably, the lone pair in these species is related to vinylic anions by an isoelectronic relationship. The occasionally observed reversibility of NHC-coordination can be expected to provide further momentum to this rapidly expanding field. Although reductive approaches still appear to be the method of choice for the formation of multiply bonded compounds in many cases, dehydrogenative coupling techniques are gaining ground in particular in case of the heavier Group 14 elements, germanium and tin. In view of the overwhelming importance of similar elimination pathways during the deposition of elemental tetrels from the gas phase, the application in the molecular domain and in the condensed phase shapes up to be a viable alternative for the Wurtz-type coupling under strongly reducing conditions. Bearing in mind that thermodynamically competitive elimination pathways are also a necessary prerequisite for catalytic applications, it can be anticipated that efforts in this regard will be rewarding.
The manipulation of functional groups in the presence of highly reactive heavier double bonds has become a real synthetic option that may soon allow the selective construction of extended systems such as polymers or other interesting materials from the bottom-up. The further elaboration of the successful concept of kinetic stabilisation by steric bulk will reveal many more parallels to organic chemistry in the next few years. In all of these endeavours, however, investigators should keep their minds open for substantialand occasionally surprising -differences to carbon chemistry. 
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